Introduction {#S0001}
============

Bladder adenocarcinoma is a rare histology of bladder cancer that accounts for only approximately 0.5--2% of bladder cancers.[@CIT0001] Bladder adenocarcinoma is derived from the bladder urothelium but exhibits a histologically pure glandular phenotype. Most patients with primary bladder adenocarcinoma have muscle invasive disease, and a minority may present with non-muscle invasive disease. Some retrospective studies have revealed that the clinical outcome of bladder adenocarcinoma is worse than that of urothelial carcinoma.[@CIT0002],[@CIT0003] There is no standard treatment for metastatic bladder adenocarcinoma, especially for patients who receive multiple lines of treatment. The regimens effective for metastatic urothelial carcinoma have limited efficacy for patients with advanced bladder adenocarcinoma. The identification of new therapeutic targets is urgently needed.

The human epidermal growth factor receptor 2 (*HER2*) gene, also known as *ERBB2*, is amplified in a variety of malignancies. Normally, *HER2* gene amplification is detected in malignancies with epithelial sources rather than tumors derived from other tissue sources.[@CIT0004] *HER2* amplification could act as a major driver mutation and has been confirmed as an important treatment target in breast and gastric cancers. Recent studies have found that the rate of *HER2* amplification in bladder cancer follows only that in breast and gastric cancers.[@CIT0005] However, reports on HER2 expression in bladder adenocarcinoma tissue are lacking, and anti-HER2-targeted therapy has not been applied in bladder adenocarcinoma treatment.

To date, personalized cancer medicine based on next-generation sequencing (NGS) data has produced exciting results. According to a variety of studies, urothelial carcinoma can be classified into at least four to five molecular subtypes for personalized diagnosis, treatment, and prognosis.[@CIT0006] However, few data on bladder adenocarcinoma have been obtained. Torenbeeek et al found that HER2 was present in 14% of bladder adenocarcinomas, with 2/21 partial expression and 1/21 total expression.[@CIT0007] To our knowledge, no anti-HER2-targeted therapy has been reported in bladder adenocarcinoma. In addition, various methods for HER2 assessment are used in bladder cancer, and there is no consistent definition of HER2 positivity as in breast and gastric cancers. The value of NGS in HER2 detection and the selection of patients for anti-HER2 therapy in bladder adenocarcinoma remains to be explored.

Here, we present a patient with metastatic bladder adenocarcinoma harboring *HER2* amplification who achieved a partial response (PR) after late-line treatment with trastuzumab and albumin-bound paclitaxel under the guidance of NGS.

Case Presentation {#S0002}
=================

A 64-year-old male patient presented with hematuria and underwent three transurethral resection of bladder tumors (TURBTs) between November 4, 2014, and March 18, 2015. The pathological diagnosis was bladder adenocarcinoma ([Figure 1A](#F0001){ref-type="fig"}), with immunohistochemistry (IHC) showing CK7 (+), CK20 (+), CDX2 (+), GATA-3 (±), LI-cad (+), PSA (-), P63 (-), P53 (+), HER2 (3+), and the Ki-67 proliferation index was 80% ([Figure 1C](#F0001){ref-type="fig"}). The initial clinical stage was stage I (T1N0M0), and repeated TURBTs were carried out without any residual tumor identified. This patient received regular intravesical chemotherapy with gemcitabine after TURBTs.Figure 1Pathologic findings of the primary tumor and the pulmonary lesion specimen after trastuzumab-based therapy. (**A**) Hematoxylin and eosin staining of the primary tumor revealed bladder adenocarcinoma (magnification ×200). (**B**) Hematoxylin and eosin staining of the pulmonary lesion specimen after trastuzumab-based therapy revealed adenocarcinoma, indicating that it was a metastasis of bladder adenocarcinoma (magnification ×200). (**C**) The primary tumor exhibited strong positive immunohistochemical staining for HER2 (3+) (magnification ×200). (**D**) The pulmonary lesion specimen after trastuzumab-based therapy exhibited positive immunohistochemical staining for HER2 (2+) (magnification ×200).

In October 2015, two new lesions in the lungs were discovered by surveillance CT scans and were confirmed as metastatic adenocarcinoma on further biopsy. Four cycles of paclitaxel (135mg/m^2^ every 3 weeks) and oxaliplatin (130mg/m^2^ every 3 weeks) were administered beginning on November 17, 2015, and stable disease (SD) was achieved. Radiation therapy for the two lesions, with a total dose of 48 Gy (BED=86.4 Gy), was delivered concomitantly with chemotherapy (paclitaxel and oxaliplatin) from January 1, 2016, to April 16, 2016. This treatment was previously found to be well-tolerated, with mild adverse events, including grade 1 transaminitis and grade 1 thrombocytopenia. Then, the CT scan showed a PR, and capecitabine was given to the patient orally beginning on April 30, 2016. To determine potential treatment opportunities, NGS of the primary bladder tumor was conducted on March 23, 2016, and the results showed that the *HER2* gene was amplified approximately 7 times, with an S310F mutant abundance of 90% ([Table 1](#T0001){ref-type="table"}).Table 1Mutations Revealed by NGS in the Primary Bladder Tumor and Pulmonary Metastatic LesionGenePrimary Bladder Tumor (March 23, 2016)Pulmonary Metastatic Lesion (October 25, 2018)*HER2*Gene amplification, approximately 7 times; S310F mutation (mutant abundance 90%)S310F mutation (mutant abundance 27.9%)*TP53*C238Y mutation (mutant abundance 76%)C238Y mutation (mutant abundance 36.3%)*ARID2*Q68X truncation mutation (mutant abundance 35%),\
T909fs missing frameshift mutation (mutant abundance 35%)Q68 mutation (mutant abundance 17.1%)\
T909fs mutation (mutant abundance 17.4%)*BIM*Heterozygous deletion polymorphism\_*CDK12*Gene amplification, approximately 5.2 times\_*RARA*Gene amplification, approximately 3 times\_*TOP2A*Gene amplification, approximately 2.3 times\_*APC*---R1742H mutation (mutant abundance 20.8%)*AKT2*R731H mutation (mutant abundance 16.2%)

Lung lesion progression was identified by a CT scan on August 8, 2016, and apatinib was administered at a dose of 500 mg every day. The best response to apatinib was PR, and progression-free survival (PFS) reached as long as 20 months. The CT scan revealed progressed disease (PD), with new lesions identified on March 30, 2018 ([Figure 2A](#F0002){ref-type="fig"}). Then, fourth-line treatment with trastuzumab and albumin-bound paclitaxel was administered beginning on April 11, 2018. The regimen comprised trastuzumab (8 mg/kg first dose and then 6 mg/kg every 3 weeks) and albumin-bound paclitaxel (250 mg/m^2^ every 3 weeks). A PR was achieved after two cycles of treatment ([Figure 2B](#F0002){ref-type="fig"}) according to the Response Evaluation Criteria in Solid Tumors (RECIST) (version 1.1) and confirmed two months later. Trastuzumab-based therapy was continued for 8 cycles until CT scans revealed enlargement of the lesions ([Figure 2C](#F0002){ref-type="fig"}), with a PFS period of 6 months. During the treatment, he periodically performed echocardiography (every 3‑6 months) to monitor the potential cardiotoxicity of the biological drug but no sign of cardiomyopathy was revealed and the ejection fraction maintained an excellent value (55--65%). No signs of adverse events were identified except for mild thrombocytopenia and decreased hemoglobin (both are grade 0). Then, a rebiopsy of a pulmonary metastatic lesion was carried out. Pathological and histopathological examination revealed metastasis of bladder adenocarcinoma ([Figure 1B](#F0001){ref-type="fig"}), with IHC showing HER2 (2+) ([Figure 1D](#F0001){ref-type="fig"}). NGS was conducted again on October 25, 2018. The results showed no amplification of *HER2*, and the S310F mutant abundance was reduced to 27.9% ([Table 1](#T0001){ref-type="table"}). The gene correlation analysis is shown in [Figure 3](#F0003){ref-type="fig"}.Figure 2Chest CT scans before and after trastuzumab-based therapy. (**A**) Before trastuzumab-based therapy (March 30, 2018), a CT scan showed a lesion in the left lower lung lobe (white arrow). (**B**) The disease reached partial remission after 2 cycles of trastuzumab-based treatment (May 25, 2018), the mass was reduced significantly (white arrow). (**C**) Disease progression after trastuzumab-based therapy for six months, enlargement of the mass (white arrow) was observed on October 23, 2018.Figure 3Analysis results from the STRING website. (**A**) Relationship of seven mutant genes before trastuzumab-based therapy. (**B**) Relationship of five mutant genes after trastuzumab-based therapy.

This study was approved by the Medical Ethics Committee of Drum Tower Hospital. Written informed consent was also provided by the patient for publishing the case details and accompanying images in the case study.

Discussion {#S0003}
==========

In this case report, we presented a 64-year-old male diagnosed with stage I bladder adenocarcinoma, and lung metastasis was confirmed less than one year after the first operation. The patient was found to harbor *HER2* amplification and the S310F mutation by NGS of the primary bladder tumor. After failing three lines of antitumor treatments, the patient then received fourth-line treatment with trastuzumab and albumin-bound paclitaxel. The patient responded very well to trastuzumab-based treatment, with a PFS period of 6 months, suggesting that trastuzumab-based therapy may be a potential treatment option for bladder adenocarcinoma patients harboring *HER2* amplification. After tumor progression, NGS was conducted again and showed no *HER2* amplification, and the S310F mutant abundance was reduced to 27.9%. These genetic changes imply possible mechanisms of resistance to trastuzumab.

The incidence of HER2 in bladder cancer ranges from 0% to 59% for highly variable *HER2* gene amplification and from 21% to 89% for HER2 receptor protein overexpression.[@CIT0008],[@CIT0009] *HER2* amplification leading to protein overexpression has been reported in 0--25% of bladder cancer patients heterogeneously.[@CIT0010] This large difference is partly due to a lack of a consistent definition of HER2 positivity. There is also controversy about the significance of IHC and fluorescence in situ hybridization (FISH) concordance, as gene amplification may not be a potential mechanism of protein overexpression.[@CIT0011] Recently, Kiss et al claimed that only FISH or IHC is not enough to select patients and reported an algorithm to molecularly stratify bladder cancer for anti-HER2 therapy considering gene expression, amplification, polysomy, and somatic mutations.[@CIT0012] For bladder adenocarcinoma, 2/21 samples with partial HER2 expression and 1/21 sample with total HER2 expression were reported.[@CIT0007] Data are extremely limited; thus, it is difficult to define HER2 positivity in bladder adenocarcinoma.

NGS, as a new genetic alteration detection approach, cannot only uncover various types of mutations but also comprehensively analyze the genetic changes of malignancy, which may help identify new therapeutic targets. Based on this concept, the Phase II NCI-MATCH trial (NCT02465060) is enrolling pretreated patients who will be treated with targeted therapies tailored by NGS. This trial involves patients with *HER2* amplification or mutation who were treated with anti-HER2 therapies, but the final results are still pending.[@CIT0013] A treatment subprotocol of the NCI-MATCH trial studied the efficacy of ado-trastuzumab emtansine (T-DM1) in patients with *HER2*-amplified tumors excluding breast and gastric/gastro-esophageal junction (GEJ) adenocarcinomas based on NGS. The results showed that T-DM1 was well tolerated, while the primary endpoint, overall response rate (ORR), was not met.[@CIT0014] Based on the evidence mentioned above, NGS has shown great potential in the selection of patients suitable for anti-HER2 therapy.

Trastuzumab is a targeted therapy for patients with evidence of HER2 overexpression.[@CIT0015] It was first approved for the treatment of HER2-positive metastatic breast cancer in 1998 and has led to the establishment of a new standard of care treatment for HER2-positive disease.[@CIT0016]--[@CIT0019] Trastuzumab remains one of the most promising HER2-targeted therapeutics and is being applied in the first-line treatment of HER2-positive breast and gastric cancers. Recently, a few successful cases of anti-HER2 treatment in bladder cancer have been reported.[@CIT0004] A phase II trial testing trastuzumab in a combination regimen in HER2-positive urothelial carcinoma had a 70% response rate.[@CIT0020] In another phase II trial, afatinib demonstrated signiﬁcant activity in patients with platinum-refractory urothelial carcinoma with *HER2* or *ERBB3* alterations.[@CIT0021] An open-label phase IIa basket study (NCT02091141) also reported that a few patients with urothelial carcinoma showed noted responses after receiving dual anti-HER2 therapy (trastuzumab/pertuzumab).[@CIT0022] The above clinical trials all demonstrated the potential of anti-HER2 treatment in bladder cancer. However, various methods are used for HER2 assessment and their anti-HER2 treatment regimens are different. Limitations in design methods have also weaken the validity of the conclusion. Besides, a randomized phase II trial in urothelial carcinoma failed to demonstrate the effectiveness of trastuzumab.[@CIT0023] Thus, more research is required to investigate the efficacy of anti-HER2 therapy in bladder cancer. Regarding bladder adenocarcinoma, there has been no reports of anti-HER2 treatment to our knowledge. In this case, NGS-guided trastuzumab-based therapy demonstrated efficiency in metastatic bladder adenocarcinoma as the fourth-line treatment.

In the current case, the *HER2* gene was altered after trastuzumab-based therapy and we suspected that the tumor highly depended on the HER2 pathway. NGS of the primary tumor showed that *HER2* was amplified approximately 7 times, with an S310F mutant abundance of 90%. Both *HER2* amplification and S310F mutations are believed to be associated with the effectiveness of anti-HER2 treatment.[@CIT0024] As a result, the anti-HER2-based treatment was effective. Notably, the efficacy in our case is the result of combination treatment. The contribution of albumin-bound paclitaxel cannot be ruled out. The choice of albumin-bound paclitaxel is mainly due to the efficacy of first-line treatment. Paclitaxel combined with anti-HER2 therapy is considered to be the most effective first-line treatment for metastatic breast cancer. Trastuzumab also requires to be combined with chemotherapy in other cancers. Therefore, the combination of trastuzumab and chemotherapy (albumin-bound paclitaxel) is rational. After tumor progression, the second NGS analysis showed no *HER2* amplification, and the abundance of the S310F mutation was reduced to 27.9%. Trastuzumab is targeting the HER2 pathway. The genetic change in the HER2 pathway implied the value of anti-HER2 treatment. Thus, we are inclined to propose that changes in the HER2 pathway are due to the patient's response to trastuzumab.

This genetic change also suggested the clonal evolution of the tumor at different time points and implied possible mechanisms of resistance to trastuzumab. In the present case, gene correlation analysis suggested that the *TP53* mutation was the central node of mutant genes in the two NGS analyses ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}). *HER2* was another key gene in the first NGS analysis, as it was associated with four mutant genes ([Figure 2A](#F0002){ref-type="fig"}). However, the relationship between other mutant genes and *HER2* decreased after treatment ([Figure 2B](#F0002){ref-type="fig"}). Notably, the *HER2* gene and two other amplified genes, *RARA* and *TOP2A*, are all located on chromosome 17. The disappearance of *HER2* amplification may cause the disappearance of *RARA* and *TOP2A* amplification. The reduced relationship indicates the attenuated role of the *HER2* pathway, which may partly lead to the failure of trastuzumab-based therapy.

The current case has shown the potential of anti-HER2 therapy in bladder adenocarcinoma, but there are still some limitations during treatment. Although this patient's primary tumor specimen had a genetic alteration in *HER2*, the initial treatment was a conventional treatment plan following the guidelines. After disease progression, there was no standard treatment. Then we chose apatinib, which was more cost-effective and accessible at the time. Despite the multi-line treatments, the patient still benefited from the combination of trastuzumab and albumin-bound paclitaxel, implying that trastuzumab-based therapy can be one of the optimized selections for patients with *HER2* amplification. Recently, many "basket" studies have focused on gene guided treatments, ignoring tumor types. The results were inconsistent, with some studies showing benefits of treatment and others showing poor results. The main reason may be that the tumor is a polygenic disease with complicated interaction of signal pathways, which may affect the outcome of gene guided treatments. Whether such a regimen can be used at an earlier stage requires further exploration.

Conclusion {#S0004}
==========

We reported a case of bladder adenocarcinoma with *HER2* amplification and activating mutations by NGS that was effectively treated with trastuzumab-based therapy. Based on this finding, trastuzumab-based therapy might be considered an optimal treatment for bladder adenocarcinoma patients harboring *HER2* amplification. NGS seems to be an important tool in the selection of bladder adenocarcinoma patients suitable for anti-HER2 therapy. In addition, the current case also implied possible mechanisms of resistance to trastuzumab and the significance of real-time mutation detection, which needs further exploration.
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HER2, the human epidermal growth factor receptor 2; TURBTs, transurethral resection of bladder tumors; NGS, next-generation sequencing; PR, partial response; SD, stable disease; PFS, progression-free survival; PD, progressed disease; ORR, overall response rate.
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